Abstract
Introduction
The Social Web -encompassing social networking services such as Facebook and Orkut, as well as multimedia content-sharing sites like Flickr and Youtube -has captured the attention of millions of users. Such kinds of websites focusing on socialization, openness, and collaboration stimulate each individual to participate in enriching the Web content and in the growth of the Web itself. A common feature of social networking technologies is that they facilitate collaboration and sharing between users with low technical barriers.
Tagging of media objects is the most powerful mechanism to annotate various web resources, like photos on Flickr, which provide a possible means to help people to find relevant content [7] . Tagging allows users to choose the labels that match their own needs and tastes, which greatly reduces the cognitive efforts. However, as tagging is not constrained by a controlled vocabulary, users are free to use any tag they wish to describe the resources. Moreover, a certain number of photos might lack of any annotations. These problems hinder users from making their resources better accessible to the general public. Yet, according to recent user studies, users do annotate their photos in order to promote the public attention degree [8] .
Tag recommendation provides a means to overcome the above mentioned problems. Users only need to click on the recommended tags to add annotations, which help users to tag more frequently, reuse common tags, and perhaps use tags the user had not previously considered. Tag recommendation can further promote a core tag vocabulary, steering the user toward adopting certain tags. The final result is a denser annotation vocabulary which helps to increase the opportunity of getting the resources relevant to user's needs and promote media sharing and collaboration on social networks.
Numerous efforts have been made to better understand, efficiently use and recommend tags. Most existing studies focus on collaborative tagging in broad folksonomies [10] (e.g., del.icio.us and CiteULike), where a resource may be tagged by multiple users with multiple tags [11, 12, 13, 14, 15, 16] . In narrow folksonomy systems like Flickr, a resource is usually tagged by its creator. Being the sole annotator, a user therefore does not directly interact with and is influenced by other users, in contrast to collaborative tagging systems. To date, little work has been done to recommend tags collaboratively in narrow folksonomies.
The main contributions of this paper are summarized as follows:
(1) We show that a substantial level of local lexical and topical alignment is observable among users who lie close to each other in the social network. Therefore, it is reasonable to predict tags within local, close related communities.
(2) We propose a novel collaborative tag recommendation strategy based on social comment context in narrow folksonomies. The precision of tag prediction is demonstrated better than that based on global context. The rest of this paper is organized as follows. We discuss the related work in Section 2. In Section 3 we present our proposed tag recommendation strategy based on social comment context. In Section 4, the related experiment is presented. Section 5 concludes the paper.
Related work
Tag recommendation has been widely studied in the past few years. Related methods have been applied to different media objects on Internet, such as web bookmarks [12] , blog posts [17] , music [18] , and photos [5] .
Several existent approaches aim to solve the problem of tag recommendations in folksonomies.
[17] provides a tool that suggests tags for web log posts using information retrieval techniques. [18] presents two tag recommendation algorithm: an adaptation of user-based collaborative filtering and a graph-based recommender built on top of FolkRank. [1] compares the performance of co-occurancebased tag recommenders and FolkRank algorithm. To date, most research focus on collaborative tag recommendation in broad folksonomies [11, 12, 13] , and little has been done in narrow folksonomies. [10] proposed a method of tag recommendation using the collective knowledge of a large collection of Flickr photos. Their approach uses global tag co-occurrence to make recommendations for partially tagged photos. They do not take into account the context of the user and their interaction with other users in the system. Their co-occurrence approach will be used as a baseline in our experimentation.
Tag recommendation based on social comment context
Tag recommendation intends to improve the user's experience by providing a set of tags relevant to the resource and the user's need. As a social comment network is a typical representation of users' social collaboration and common interest, we develop our tag recommendation strategy based on social comment context.
Data structure of folksonomies and social comment network
A folksonomy describes the users, resources, tags, and the assignment of tags to resources. The data structure of a Folksonomy can be represented by a four-tuple D:
where, U is a set of users; R is a set of resources; T is a set of tags; and Y is a ternary relation which stands for tag assignments [1] as follows:
A social comment network describes the user, resources, comments, and the comments added to resources. The data structure of social comment network is as follows:
where, U is a set of users; R is a set of resources; C is a set of comments; and I is a ternary relation which stands for comment assignments as follows:
Social comment network
Social media sharing sites enable users to interact with other participants. For example, users can maintain contact with other users. Users can join a group to be a member and share common interest in a certain topic. Making comments on others' photos or videos is one of the most popular activities on a social network. Thus, even when explicit groups are not defined, users may take advantage of the experience of other users with common interests, without having to know each other.
In this section, we are trying to cluster the users who add comments to another user's photos. Our proposed framework consists of two main stages: developing comment network and calculating author's prestige.
Develop Comment Network
In social media sharing site a resource that is uploaded by a certain author may be commented on by several users. Figure 1 shows a simple example of a comment network. In this example, a user is denoted by U i and a resource is denoted by R j . U 1 adds comments to R 1 and R 3 . U 2 and U 4 only comment on R 2 and R 3 , respectively, while U 3 is interested in all of the resources in U 0 's photo set. By finding out the comment interactions in the data set, the relationships between users can be represented with a directed graph as shown in Figure 2 , where each vertex (or node) represents a user and each link represents a relationship. Figure 2 shows the corresponding comment network to the example showed in Figure 1 . 
where, C(i, j) is the number of comments that U i added to photo j and m denotes the total number of users in the comment network and m-1 is the number of users who make comments.
Calculate author prestige
Prestige is a refined measure of prominence of a user on social network, which quantitatively evaluate the popular degree of a certain user's resources. The author's prestige can be computed based on the above comment network. Based on the definition of the prestige, it is clear that an author is prestigious if his resources receive many in-links as shown in Figure 1 . Thus, the simplest measure of prestige of an author i (denoted by P 0 ) is as follows:
where, n is the total number of the photos that U 0 uploaded and C(i, j) is the number of comments that U i added to photo j. The above prestige measure is mainly based on the statistics of the total comments that an author received. The total number of comments is divided by the number of resources on which the author received comments to obtain the average comments of each resource. Based on the above equation, each user's prestige is calculated and users are ranked according to their prestige. Former research [2] shows that more active users tend to have other active users as neighbors. Users with higher prestige join more groups and add more tags to his photos. Therefore, such users' tags are more likely to be selected as recommended tags.
User cluster based on K-Nearest Neighbor
Although users in a network might share common interests in some topics, it is necessary for us to find out users with most similar interests. Exploring the similarity of users and relating it to the underlying social network, shared usage of co-membership in groups and tags are natural and direct indicators of shared interests.
We model users based on the vector space model [3] , which is adapted from the Information retrieval discipline to work with Folksonomies. Each user, u, can be modeled as a vector over the set of topics, where each weight, w(g i ), in each dimension corresponds to the importance of a particular group, g i . 
In Equation 7 |G| denotes the number of topic groups that user u are interested in. In calculating the vector weights the measure of term frequency is used, each dimension calculates the user's interest in a certain group. To compare the feature vectors of two users u and v, we use the standard cosine similarity [4] . Denoting by w u (g) the number of times that user u has uploaded his resource which belongs to group g, the cosine similarity δ groups (u, v) is defined as 
Tag co-occurrence and tag boosting
Co-occurrence has been widely used to find out the relationship between two tags. It is deemed that frequently co-occurred tags are semantically similar to each other. Tag co-occurrence coefficient between two tags is the number of photos where both tags are used in the same annotation. There are essentially two different normalization methods: symmetric and asymmetric.
Symmetric measures. According to the Jaccard coefficient, the co-occurrence of two tags t i and t j can be normalized by Equation 9 . The coefficient takes the number of intersections between the two tags, divided by the union of the two tags. 
|| ( , ) ||

|| ( | ) || ij ji i tt P t t t   (10)
As it is discussed in [5] , the Jaccard symmetric coefficient is good at identifying equivalent tags. On the contrary, asymmetric tag co-occurrence will provide a more suitable diversity of candidate tags than its symmetric opponent. As a user usually has a clear understanding about his uploaded resource, it is not necessary for him to tag the resource with many similar tags. Rather, he may tag the resource with tags from different perspectives. In our work, we apply asymmetric tag co-occurrence.
According to the above mentioned asymmetric tag co-occurrence method, the candidate tags can be selected in the social comment network composed of k similar neighbor. It is known that a person with higher prestige usually has more influence in the social network [6] . The candidate tags are promoted by adding a boosting factor b as the weight of tag co-occurrence if the tag pairs have been used by a user with higher prestige.
Experimental evaluation
The experiments we conducted aim to find out the correlation between the degree of users' common interests and the similarity between users' tag vocabularies in the social comment network.
Furthermore, we demonstrate the effectiveness of our tag recommendation methodology based on social comment context.
Here we describe the methods used to gather data for the experiments and provide details of our datasets. We then describe our experimental methodology. We briefly discuss the common metrics recall and then detail the results of our experiments.
Data Sets
We validate our approach using data from Flickr. Flickr is an image and video hosting website, web services suite, and online community. It is well known that Flickr is a popular website for users to share and embed personal photographs. As of October 2009, it claims to host more than 4 billion images. Users can create networks of friends, join groups, comment on photos, tag photos, send messages to other users, and choose their favorite photos. Flickr asks photo submitters to organize images using tags, which enable the user himself or other searchers to find images related to particular topics, such as objects that appeared in the photo, place names or subject matter. Members on Flickr are free to make comment to another's photo if he is interested in it. Popular images may attract thousands of reviews, which greatly improves the development of this social networking. There are thousands of groups on Flickr and there are more social activities in groups.
We describe our Flickr data collection methodology. Since we were interested in studying the density of the collaboration pattern between users and the density of tag co-usage among the group members, we needed to collect the general information like photos, users, tags, and groups. Based on these data, we can collect the state of the Flickr social network. In order to collect the state of the social network, we crawled a significant subset from the Flickr online social network. Flickr makes available most of its public data by means of API methods (flickr.com/api). The data used for the present study were obtained by using the public Flickr API to perform a distributed crawl of the content uploaded to Flickr.
The data set we got consists of 1146 groups, 9317 users, 9682 galleries, 59253 photo sets and 662066 photos. The associated tags and comments are 3953314 and 5977891, respectively. To avoid the negative influence from sparse data and increase the chances of good results for tag recommendation algorithms, we restricted the evaluation to the "dense" part of the folksonomies by set P-core [9] to 5.
Experimental Methodologies
We implemented an extension of Cross Validation for the experiment. Each user profile was divided among n folds, and each fold contained 1/10 of each user's posts. A user's post was composed of the user, a photo and the tags related to the photo. We used 9 folds of the data for training and used the remaining fold for testing. We predict and recommend tags that a particular user would apply to an untagged photo, given two tags that the user has used already. We simulated the task by taking a tagged photo, randomly choosing two tags as input, and measuring how well we could predict the remaining tags.
We measured the performance using standard information retrieval metrics: Precision of the top 5 recommended tags (P@5).
Experimental Results
We started with evaluating the performance of our tag recommendation framework by developing a certain active user's social comment network and getting the social collaborative users. By applying KNearest Neighbor the top k users with similar interests were found. Figure 3 shows the relation between k, the number of neighbors, and precision for a recommendation set of size 5. As k increases so does precision. However, this improvement suffers from diminishing returns until a k of 105 offers little more benefit than a k of 45.
We also calculated P@5 among the global data set that we crawled, and P@5 is 0.056. Therefore, the precision of prediction based on local comment context is much better than that based on global social context. And according to the experiment, we really find that users with common interest in local communities may use common terms. 
Conclusions
In this paper we explored on of the most popular narrow folksonomies, Flickr, to research the comment context, develop tag recommendation strategy and the related algorithm.
We show that correlations exist between user activity in comment networks and the users' common interests. We proposed using K-Nearest Neighbor for getting similar users in social comment networks and developed local co-occurrence tag recommendation strategy that boost the weight of users with higher prestige. Finally, we have shown that the prediction precision of our tag recommendation strategy is much better than that based on global context. In future research, we will focus on improving the precision of recommendation. 
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